(19) 



(12) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) EP 0 672 752 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
26.05.2004 Bulletin 2004/22 

(21) Application number: 94925611.9 

(22) Date of filing: 01.09.1994 



(51) lntC|7: C12N 15/82 

(86) international application number: 
PCT/JP1994/001442 

(87) International publication number: 

WO 1995/006722 (09.03.1995 Gazette 1995/11) 



(54) METHOD OF TRANSFORMING MONOCOTYLEDON BY USING SCUTELLUM OF IMMATURE 
EMBRYO 

VERFAHREN ZUR TRANSFORMATION VON MONOCOTYLEDONEN MITTELS DES SCHILDES 
VON UNREIFEN EMBRVONEN 

PROCEDE PERMETTANT DE TRANSFORMER UNE MONOCOTYLEDON E AVEC UN 
SCUTELLUM D'EMBRYON IMMATURE 



(84) Designated Contracting States: 

AT BE CH DE DK ES PR GB GR IE IT LI LU MC NL 
PTSE 

(30) Priority: 03.09.1993 JP 24397593 
31.01.1994 JP 2732094 

(43) Date of publication of application: 
20.09.1995 Bulletin 1995/38 

(73) Proprietor: JAPAN TOBACCO INC. 
Shinagawa-ku, Tokyo 140 (JP) 

(72) Inventors: 

• SAITO, HIdeaki, Japan Tobacco Inc. 
Shizuoka 438 (JP) 

• ISHIDA, Yuji, Japan Tobacco Inc. 
Shizuoka 438 (JP) 

• HIEI, Yukoh, Japan Tobacco Inc., 
Agribusiness DIv. 
Shinagawa-ku, Tokyo 140 (JP) 

• KOMARI, Toshihiko, Japan Tobacco Inc. 
Shinagawa-ku, Tokyo 140 (JP) 

(74) Representative: 

Rein hard - Skuhra - Weise & Partner 
Postfach 44 01 51 
80750 MQnchen (DE) 



CD 
CM 

OJ 
CO 

o 

CL 
LU 



(56) References cited: 
EP-A- 0 604 662 



US-A-5 177 010 



THE PLANT JOURNAL, vol.6, no. 2, August 1994 
pages 271-282, HiEl, Y., ET AL. 'Efficient 
transformation of rice (Oryza sativa L.) mediated 
by Agrobacterlum and sequence analysis of the 
boundaries of the T-DNA' 
BIOTECHNOLOGY, vol. 8, no. 1, January 1990 
pages 33-38, RANIERI, D.IVI., ET AL. 
'Agrobacterium-mediated transformation of rice 
(Oryza sativa L.)' 

PLANT CELL TISSUE AND ORGAN CULTURE, 
vol. 25, 1991 pages 209-218, iVIOONEY, P.A., ET 
AL. 'Agrobacterlum tumefaciens-gene transfer 
into wheat tissues' 

BIOTECHNOLOGY, vol. 9, no. 10, October 1991 
pages 957-962, CHRiSTOU, P., ET AL. 
'Production of transgenic rice (Oryza sativa L.) 
plants from agronomically Important indica and 
JaponIca varieties via electric discharge particle 
acceleration of exogenous DNA into immature 
zygotic embryos' 

BIOTECHNOLOGY, vol. 6, 1988 pages 559-563, 
KLEIN, TM., ET AL. 'Factors influencing gene 
delivery into Zea mays ceils by high-velocity 
microprojectiies' 

MOLECULAR AND GENERAL GENETICS, vol. 
230, 1991 pages 475-485, SANG WAN, R.S., ET 
AL. 'Genetic transformation of Arabidopsis 
thaliana zygotic embryos and identification of 
critical parameters influencing transformation 
efficiency' 

THE PLANT CELL, vol. 4, no. 1, January 1992 
pages 7-16, SCHLAPPL, M., ET AL. 'Competence 
of immature maize embryos for 
Agrobacterium-mediated gene transfer' 



Note: Witliin nine months from tlie publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



(Cont. next page) 



EP 0 672 752 B1 



Plant Molecular Biology, Vol. 22, No. 3 (1993), 
M-T. CHAN et al., "Agrobacterium Mediated 
Production of Transgenic Rice Plants 
Expressing a Chimeric Alplia Amylase 
Promoter-beta Glucuronidase Gene**, p. 491-506. 
Plant Molecular Biology, Vol. 20, No. 6 (1992), 
X-Q. Li et al., "Factors Influencing 
Agrobacterlum Mediated Transient Expression 
of GUS A in Rice", p. 1037-1048. 



Remarics: 

The file contains technical infomiation submitted 
after the application was filed and not Included in this 
specification 



2 



EP 0 672 752 B1 



Description 

Technical Field 

5 [0001] The present invention relates to a method for transforming monocotyledons. 
Background Art 

[0002] Conventional methods for transforming monocotyledons include electroporatlon method, polyethylene glycol 

10 method (PEG method), particle gun method and so on. 

[0003] The electroporation method is a method in which protoplasts and the desired DNA are mixed, and holes are 
formed in the cell membranes by electric pulse so as to introduce the DNA into the cells, thereby transforming the cells. 
Various genes have been introduced into monocotyledons, especially into rice plants by this method (Toriyama K. et 
al., 1988; Biotech. 6:1072-1074, Shimamoto K. et al., 1989; Nature 338:274-276, Rhodes C.A. et al., 1988; Science 

15 240:204-207). However, this method has problems in that 1) it can be applied only to the plant species for which the 
system for regenerating plants from protoplasts has been established, 2) since it takes several months to regenerate 
plants from the protoplasts, a long period of time Is required to obtain transformants, and 3) since the culture period is 
long, the frequency of emergence of mutants during the culture is high accordingly, so that the frequency of pbtainirig 
normal transformants is decreased. 

20 [0004] The PEG method is a method in which the desired gene and protoplasts are mixed and the mixture is treated 
with PEG, thereby introducing the gene into the protoplasts. This method is different from the electroporation method 
in that PEG is used instead of the electric pulse. The efficiency of introducing the gene by this method is thought to be 
somewhat lower than that by the electroporation method. Although there are some reports mentioning that transform- 
ants were obtained by this method, this method is not widely used. As using protoplasts, this method has the same 

25 problems as in the electroporation method (Zhang W. et al., 1988; Theor Appl. Genet. 76:835-840, Datta S.K. et al.,. 
1990; Biotech. 8:736-740). 

[0005] Recently, there has been a report of a method for introducing a gene into immature embryos weakly treated 
with a cell wall degrading enzyme and calli of maize by electric pulse (D'HalluIn K. et al. , 1 992; Plant Cell 4:1 495-1 505). 
The existence of the introduced gene has been confirmed also in the regenerated plants. However, only one report 

30 that has disclosed the success in transformation has been made. 

[0006] The particle gun method is a method in which the desired gene is attached to fine metal particles, and the 
metal particles are shot into cells or tissues at a high speed, thereby carrying out the transformation. Thus, according 
to this principle, transformation may be performed on any tissues. Therefore, it is said that this method is effective in 
transforming the plant species for which the systems for regenerating plants from protoplasts have not been estab- 

35 llshed. ' 

[0007] There have been made some reports of obtaining transformants of maize with normal fertility by transfonning 
type II calli of maize (Annstrong C.L. and Green C.E., 1985; Planta 164:207-214) by the particle gun method (Gordon- 
Kamm W.J. etal., 1990; Plant Cell 2:603-618, Fromm M.E. et al., 1990; Biotech. 8:833-839, Walters D.A. et al., 1992; 
Plant Mol. Biol. 18:189-200, Vain P. et a|., 1993; Plant Cell Rep. 12:84-88). However, almost all these reports used 

"^0 easily-culturable varieties as the starting materials and the techniques disclosed therein could not be applied to any 
unlimited varieties. 

[0008] Vasil et al. obtained Basta-resistant calli and regenerated plants by introducing bar gene (Thompson C.J. et 
al., 1987; EMBO J. 6:2519-2523) capable of acetylating phosphinothricin, which is the main component in herbicides 
such as Basta, bialaphos, etc., and GUS gene into embryogenic calli of wheat by the use of a particle gun. They 

45 identified the activity of the enzyme which is a product from the introduced genes in these calli and regenerated plants 
and also identified the bar gene in them by Southern blot analysis (Vasil V et al., 1992; Biotech. 10:667-674). 
[0009] Li et al. obtained hygromycin-resistant, regenerated plants by introducing a hygromycin-reslstant gene into 
immature embryos and embryogenic calli of rice by the use of a particle gun followed by selecting the transformants. 
They identified the hygromycin-resistant gene in-the plants by Southern blot analysis. They revealed that the segre- 

50 gation ratio of the hygromycin-resistant and hygromycin-sensitlve plants in the R.| progeny of the plants was 3:1 (LI L. 
et al., 1 993; Plant Cell Rep. 1 2:250-255). 

[0010] Christou et al. obtained plants which are resistant to hygromycin or bialaphos and which have a GUS activity 
by introducing bar gene, a hygromycin-resistant gene and GUS gene into immature embryos of rice by the use of a 
particle gun, and they identified the introduced genes in the plants by Southern blot analysis (Christou P. et al., 1991 ; 
55 Biotech 9:957-962). 

[0011] Koziel et al. obtained phosphinothricin-resistant plants by introducing bar gene and a Bt toxin-producing gene 
into immature embryos of maize by the use of a particle gun. They identified the production of a protein of Bt toxin in 
these plants and also the introduced genes therein by Southern blot analysis (Koziel M.G. et al., 1993; Biotech. 11: 
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194-200). 

[0012] Other methods include 1) culturing seeds or embryos with DNA (Topfer R. et al., 1989; Plant Cell 1:133-139; 
Ledoux L. et al., 1974; Nature 249:17-21), 2) treatment of pollen tubes (Luo and Wu, 1988; Plant Mol. Biol. Rep. 6: 
165-174), and 3) liposome method (Caboche M., 1990; Physiol. Plant. 79:173-176, Neuhaus G. et al., 1987; Theor. 
5 Appl. Genet. 75:30-36). However, these methods have problems in the efficiency of transformation, reproducibility or 
applicability, so that these methods are not popular. 

[0013] On the other hand, a method for introducing a gene using the Ti plasmid of bacteria belonging to genus 
Agrobacterium as a vector is widely used for transforming dicotyledons such as tobacco, petunia, rape and the like. 
However, it is said that the hosts for the bacteria belonging to the genus Agrobacterium are restricted to only dicoty- 

10 ledons and that monocotyledons are not infected by Agrobacterium (De Cleene M., 1 976; Bot. Rev. 42:389-466). 

[0014] As for transformation of monocotyledons by Agrobacterium, although transfomnation of asparagus (Bytebier 
B. et a!., 1987; Proc. Natl. Acad. Scl. USA, 84:5345-5349) and of Dioscore bulbifera (Schafer et al., 1 987; Nature 327: 
529-532) have been reported, it is said that this method cannot be applied to other monocotyledons, especially to the 
plants belonging to the family Gramineae (Potrykus I., 1990; Biotechnology 8:535-543). 

IS [0015] Grimsley et al. reported that T-DNA of Agrobacterium in which DNA of maize streak virus had been inserted 
was Inoculated to the apical meristems of maize plants and infection of the plants by maize streak viruses was con- 
firmed. Since the Infected symptoms are not observed when merely the DNA of maize streak virus is inoculated thereto, 
they interpreted the above-mentioned result as a piece of evidence showing that Agrobacterium can introduce the DNA 
into maize (Grimsley et al., 1987; Nature 325:177-179). However, since it is possible that viruses replicate even if they 

20 are not incorporated into the nucleus genome, the result does not show that the T-DNA was incorporated into the 
nucleus. They subsequently reported that the infection efficiency is the highest when the Agrobacterium is inoculated 
to the apical meristems in the shoot apices of the maize (Grimsley et al., 1 988; Biotech. 6:1 85-1 89), and that viiC gene 
in the plasmid o1 Agrobacterium \s indispensable to the infection (Grimsley etal., 1989; Mol. Gen. Genet. 21 7:309-31 6). 
[0016] Gould et al. inoculated the apical meristems of maize with super-virulent Agrobacterium EHA1 having a kan- 

25 amycin-resistant gene and GUS gene after having injured them with a needle, and selected the thus-treated apical 
meristems based on their resistance to kanamycin. As a result, plants having resistance to kanamycin were obtained. 
They confirmed by Southern blot analysis that some of the seeds of the subsequent generations of the thus-selected 
plants had the introduced genes (Gould J. et al., 1991 ; Plant Physiol. 95:426-434). This means that the plants grown 
from the Agrobacterium-treaXe6 apical meristems and selected on the basis of their resistance to kanamycin have both 

30 the transfonned cells and non-transformed cells (chimera phenomenon). 

[0017] Mooney et al. tried to introduce a kanamycin-resistant gene into embryos of wheat using Agrobacterium. The 
embryos were treated with an enzyme to injure their cell walls, and then cells of Agrobacterium yNere inoculated thereto. 
Among the treated call!, a very small amount of calli which are assumed to have resistance to kanamycin grew, but 
plants could not be regenerated from these call!. The existence of the kanamycin-resistant gene in them was checked 

35 by Southern blot analysis. As a result, in alt of the resistant calli, the change in the structure of the introduced gene 
was observed (Mooney P.A. et al., 1991; Plant Cell, Tissue, Organ Culture, 25:209-218). 

[0018] Raineri et al. inoculated 8 varieties of rice with super-virulent Agrobacterium A281 (pTiBo542) after having 
injured the scutella of the rice plants. As a result, the growth of tumor-like tissues was observed in two varieties, 
Nipponbare and Fujisaka 5. Further, cells of Agrobacterium containing a plasmid having a T-DNA from which a hor- 

40 mone-synthesizing gene had been removed and instead, a kanamycin-resistant gene and GUS gene had been inserted 
thereinto were inoculated to the embryos of rice. As a result, the growth of kanamycin-resistant calli was observed. 
Although the expression of the GUS gene was observed in these resistant calli, transformed plants could not be ob- 
tained from the calli. They interpreted from these results that the T-DNA of Agrobacterium was introduced Into the rice 
cells (Raineri et al., 1990; Biotech. 8:33-38). 

45 [0019] Thus, the experimental results which suggest that the introduction of genes into the plants belonging to the 
family Gramineae such as rice, maize and wheat can be attained by using Agrobacteriumhayfe been reported. However, 
all of these have a problem in the reproducibility and gave no convincing results since they did not fully identify the 
introduced genes (Potrykus I. 1990; Biotech. 8:535-543). 

[0020] Chan et al. injured immature embryos of rice that had been cultured for 2 days in the presence of 2,4-D and 
50 then Inoculated thereto cells of Agrobacterium having nptll gene and GUS gene in a medium containing potato sus- 
pension cultured cells. They cultured the thus-inoculated immature embryos on a G418-added medium to obtain re- 
generated plants from the induced calli. They investigated the existence of the GUS gene in the regenerated plants 
and these progeny by Southern blot analysis and found the existence of the introduced gene both in the Rq and R^ 
generations (Chan M.T. et al., 1 993; Plant Mol. Biol., 22:491-506). These results support thetransfonmation of rice with 
55 Agrobacterium but the frequency of transfomnation was as low as 1 .6 %. In addition, only one regenerated plant that 
had normally grown was obtained from the 250 immature embryos tested. The separation of immature embryos from 
rice plants needs much labor. Therefore, such a low transfomnation efficiency is not in a practical level. 
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Disclosure of the Invention 

[0021] As mentioned above, the introduction of genes into the plants belonging to the family Gramineae is now mainly 
carried out by the electroporatlon method and the particle gun method. In the electroporation method, however, since 

5 protoplasts are used, a long period of time and much labor are required to obtain regenerated plants. Further, there is 
a danger that mutants may emerge at a high frequency due to the long culturing period. Still further, this method cannot 
be applied to the plants such as maize for which the system for regenerating plants from protoplasts has not been 
establisihed. A method has been reported in which genes are introduced into immature embryos that have been treated 
with an enzyme to such a degree that the cells therein are not made into protoplasts, by electric pulse (D'Halluin K. et 

10 al., 1 992). However, only one success in the method is known so far. Therefore, it is difficult to say that the method is 
popular. Given the situations, the above-mentioned particle gun method has been applied to maize, using type II calli 
or immature embryos. The particle gun method give a high possibility of obtaining the intended transfomiants but needs 
a special apparatus, a particle gun. Without the apparatus, the particle gun method cannot be performed. In addition, 
the particle gun method has another problem in that fine metal particles scatter to often let the experimenters be in 

IS danger. 

[0022] As for maize, a method for infecting its apical meristems with cells of Agrobacterium has been tried. (Gould 
J. et al., 1 991). However, much labor is needed to isolate growth points from maize and it is not always easy to prepare 
a large amount of them. The present inventors tried to produce transformants of maize by this method but in.vain (see 
Table 1 below). 

^ [0023] Accordingly, the object of the present invention is to provide a method fortransfonning monocotyledons, with 
which the time required for obtaining regenerated plants from the time of transformation is shorter than that in the 
conventional methods, which can be generally applied even to the plants for which the systems for regenerating plants 
from protoplasts have not yet been established without requiring any special apparatuses, and with which the prepa- 
ration of the materials to be used therein is easy. 

25 [0024] The present inventors intensively studied the influences of the monocotyledonous plant tissues to be treated 
with Agrobacterium, the treatment conditions with Agrobacterium, the constitutions of the binary vectors, etc, on the 
introduction efficiency of genes into monocotyledons and, as a result, have discovered that immature embryos of 
monocotyledons to which a dedifferentiation treatment has not been performed can be transformed with bacteria be- 
longing to genus Agrobacterium with drastically high efficiency, that the transfomning method is reproducible, and that 

30 the above-mentioned object may be attained by this method, thereby completing the present invention. 

[0025] Specifically, the present invention provides a method for transforming monocotyledons comprising transform- 
ing scutellurh of an immature embryo of a monocotyledon with a bacterium belonging to genus Agrobacterium con- 
taining a desired gene, which immature embryo has not been subjected to a dedifferentiation treatment, to obtain a 
transform ant. 

35 [0026] The method of the present invention is the first that has made possible the reproducible introduction of a 
desired foreign gene into monocotyledons, for example plants of the family Gramineae such as rice, maize, wheat, 
bariey, etc. Methods for transforming monocotyledons with celts of Agrobacterium have heretofore been known. As 
mentioned above, however, it is difficult to say that the known methods are established ones. According to the present 
invention, contrary to them, the immature embryos of monocotyledons, which have not been subjected to a dediffer- 

40 entiation treatment, that have not been used in the prior art, are inoculated with cells of Agrobacterium by the improved 
method according to the present invention, thereby introducing a desired gene thereinto with ease. Since the method 
of the present invention employs immature embryos which may easily be prepared, the materials for the method may 
more easily be obtained than those for the prior art which employs the apical meristems of plants. In addition, since 
the transformation is effected on the scutella of immature embryos according to the method of the present invention, 

45 the time needed for regenerating plants from the resulting transformants may be shortened as compared with the 
transformation of protoplasts and, additionally, the frequency of mutation is lowered. When a super binary vector is 
employed in carrying out the present invention, it is possible to introduce a desired gene into varieties which are difficult 
to culture, such as maize or some varieties of rice, with high efficiency. 

so Brief Description of the Drawings 

[0027] 

Fig. 1 shows the structure of pTOK162 which is one example of the plasmid contained in the bacteria of genus 
55 Agrobacterium usable in the present invention and the construction of plasmid pTOK232 used in the example of 

the present invention. 

Fig. 2 shows the structure of pSB1 and the construction of plasmid pSB131 , like Fig. 1 . 
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Best Mode for Carrying out the Invention 

[00281 Monocotyledons to be transformed by the method of the present invention are not restricted. The present 
invention may be applied to any monocotyledons such as. for example, rice, maize, wheat, barley, asparagus, etc. 
Preferred are plants belonging to the family Gramineae including rice, maize, barley, wheat, etc. Maize is best preferred. 
r00291 The term "immature embryo" herein means the embryo of an immature seed which Is in the stage of matunng 
after pollination. The maturing stage of the immature embryos to be treated by the method of the present invention are 
not restricted and the collected embryos may be in any stage after pollination. Preferred embryos are those coMected 
on not less than 2 days after their fertilization. Also preferred are scutella of immature embryos capable of inducing 
dedifferentiated calli having an ability to regenerate nomnal plants after having been transfoirned by the method men- 
tioned below. The immature embryos may preferably be inbreds, F1 between inbreds, F1 between an inbred and a 
naturally-pollinated variety, and commercial F1 varieties. 

[0030] "Dedifferentiation treatment" means a process of obtaining cell clusters, such as callus, that show unorganized 
arowth by culturing differentiated cells of plant tissues on a dedifferentiation medium. 

[00311 As the Agrobacterium to be used for the transformation. Agrobacterium which have Ti plasmid or Ri plasmid 
and which have heretofore been employed for the transformation of dicotyledons can be employed. Many of these 
Aarobacterium contain a vector having a DNA region originated from the virulence region (vir region) of Ti Plasmid 
originated from Agrobacterium tumefacieris. The gene encoding the character which is desired to be given to the plant 
is inserted in this vector, or exists in a separate plasmid and inserted into the Ti plasmid in vivo by homologous recom- 
bination or the like. Komari et al. developed a vector containing a DNA region originated from the virulence region (vir 
reqion) of Ti plasmid pTiBo542 contained In a highly virulent Agrobacterium tumefaciens A281 having an extremely 
high transformation efficiency (Hood. E.E. et al.. 1984; Biotech. 2:702-709, Hood. E.E. «^ • 

1283-1290. Komari. T et al., 1986; J. Bacteriol. 166:88-94. Jin. S. et al.. 1987; J. Bacterid. ^^^^^J^^^f'^'T^' 
T 1989' Plant Science, 60:223-229, ATCC 37349) (Japanese Laid-Open Patent Application (Kokai) No. 4-222527). 
25 In' this specification, this vector may be referred to as a "super binary vector. Such a super binary vector may be 
preferably employed in the present Invention. 

[00321 An example of such a super binary vector is pTOK1 62 (Japanese Laid-Open Patent Application (Kokai) No. 
4-222527) Its structure is shown in Fig. 1 . This plasmid comprises a plasmid called pTOK154 which can replicate in 
both Escherichia coli and in Agrobacterium tumefaciens (pTOK154 is a plasmid containing T region, which was con- 
30 structed by the method described below from a known plasmid pGA472 derived from the Ti plasmid and a known 
plasmid having a wide host spectrum called pVCK101). Into which a Kpnl fragment (containing vfrB, wK3 and w/C 
aenes) with a size of 15.2 kb originated from the virulence region of pTiBo542 has been inserted, the Kpnl fragment 
having been cloned. In pTOK154, between two border sequences of the T region, a kanamycin-resistant gene is in- 
serted as a gene to be introduced into monocotyledons. This is an embodiment wherein the gene desired to be intro- 
duced into monocotyledons is arranged in a plasmid having the cloned DNA fragment originated from the virulence 
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region of pTlBo542. . . . . 

[00331 The gene which is desired to be incorporated into monocotyledons may be inserted into a restriction site in 
the T-DNA region of the above-described plasmid. and the desired recombinant plasmid may be selected depending 
on an appropriate selective mari<Gr such as drug resistance and the like which the plasmid has. However, if the vector, 
such as PTOK162 shown in Fig. 1. is large and has a number of restriction sites, it is not always easy to msert the 
desired DNA into the T region of the vector by conventional sub-cloning methods. In such a case, the desired DNA 
can be inserted into pTOK162 by utilizing the in vivo homologous recombination (Herrera-Esterella L. et al., 1983; 
EMBO J 2-987-995. Horsch R.H. et al., 1984; Science 223:496-498) In the cells of Agrobacterium tumefaciens. That 
is for example. pTOK162 is first introduced into Agrobacterium tumefaciens and the plasmid pBR322 (or a similar 
pfasmid) containing the desired DNA Is further introduced thereinto. Since the DNA of pTOKI 62 has « j;egion homo^ 
oaous with that of pBR322, the pBR322 derivative containing the desired gene is to be inserted into pTOK162 by the 
genetic recombination via the homologous regions. Unlike pTOK162. pBR322 cannot replicate by itself ^ ^grobacf^ 
rium tumefaciens. Therefore, pBR322 can only be alive in Agrobacterium tumefaciens in the inserted fonm in pTOK162 
(the recombined pTOKI 62 and pBR322 is hereinafter referred to as "pTOKI 62::pBR322 derivative") By selecting the 
transformants based on the selective marker (such as drug resistance) specific to each of pTOK162 and pBR322 
derivative, Agrobacterium tumefaciens transtomanis containing pTOK162::pBR322 derivative may be obtained The 
present inventors made a study by introducing various plasmids into Agrobacterium tumefaciens containing pTOI<1 62 
to discover that as the selection marker of the pBR322 derivative, spectinomycin-resistant gene (SP) originated from 
transposon Tn7 (De Greve, H.H. et al.. 1 981 ; Plasmid 6:235-248) is excellent. Thus, in cases where the desired gene 
55 has already been cloned into pBR322. by inserting SP gene into the plasmid, the desired gene can be inserted into 
the T region of pTOKI 62 by homologous recombination in vivo in Agrobacterium tumefaciens. Altematively, a plasmid 
containing a DNA originated from pBR322 and SP gene is first provided, and the desired gene may be inserted into 
this plasmid. In this case, by utilizing the border sequences of theT region, it is possible to finally arrange the kanamycin- 
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resistant gene and the desired gene in separate T regions in pT0K1 62. When plants are transfomned using the resist- 
ance to kanamycin as a marker, there is a substantial probability that both T regions are introduced, and the introduction 
of the desired gene can be sufficiently attained. Further, in this case, since both T regions may be inserted into different 
chromosomes, it may be possible to subsequently segregate the desired gene from the kanamycin-resistant gene. 
5 [0034] As the host bacteria belonging to genus Agrobacterium, Agrobacterium tumefaciens may preferably be em- 
ployed, although not restricted. 

[0035] The introduction of a plasmid into the bacteria belonging to the genus Agrobacterium such as Agrobacterium 
tumefaciens CQX\ be candied out by a conventional method such as triple cross method of bacteria (Ditta G. et al., 1 980; 
Proc. Natl. Acad. Sci. USA, 77:7347-7351). 
10 [0036] Since the Agrobacterium prepared as mentioned above has highly efficient virulence genes originated from 
pTOK162, transfomiation of monocotyledons can be attained with a high efficiency. 

[0037] It should be noted that in the method of the present invention, the gene which is desired to be introduced into 
the monocotyledon is arranged between border sequences of the T region as in the prior art, and the desired gene 
may be arranged in the Ti plasmid or in another plasmid in the Agrobacterium. 

15 [0038] The transformation of the immature embryos of monocotyledons by the Agrobacterium may be carried out 
by merely contacting the Immature embryos with the Agrobacterium. For example, a cell suspension of the Agrobac- 
terium having a population density of approximately from 10^ to 10^1 celts/ml is prepared and the immature embryos 
are immersed in this suspension for about 3 to 10 minutes. The resulting immature embryos are then cultured on a 
solid medium for several days together with the Agrobacterium. The immature embryos to be transfomned are directly 

20 subjected to transformation without being subjected to a dedifferentiatlon treatment such as by culturing them in the 
presence of 2,4-D. The conventional transformation of plants with the Agrobacterium Is such that the immature embryos 
to be transfomned therewith are dedifferentiated by culturing them in the presence of 2,4-D, before they are brought 
Into contact with the Agrobacterium. The present inventors have found that the dedifferentiatlon is unnecessary ac- 
cording to the present invention. Therefore, the method of the present invention is superior to the conventional method 

25 in that the former is simplerthan the latter. Some plants, especially maize often have a lowered transformation efficiency 
if subjected to the dedifferentiatlon treatment prior to the transformation. Therefore, the transfomiation efficiency of 
such plants may be elevated according to the method of the present invention in which the pre-treatment is not carried 
out. In addition, the conventional transformation of plants with the Agrobacterium employs a step of injuring plants or 
a step of treating them with an enzyme to digest the cell walls, thereby Increasing the infection efficiency, prior to the 

30 their transformation with the Agrobacterium. The method of the present Invention may have such pre-treatment, but 
the present inventors have found that efficient transformation may be attained by the method of the present invention 
even in the absence of such pre-treatment. In particular, injuring of maize plants results in the decrease in the rate for 
inducing calli after the transformation. For this reason, such pre-treatment is unfavorable for maize. 
[0039] It is preferred that the thus-transformed immature embryos are thereafter dedifferentiated by a known method 

35 (Green, C.E. and Phillips, R.L., 1975; Crop Science 15:417-421 , Duncan, D.R. et aL, 1 985; Planta 165:322-332) and 
the thus-dedifferentiated transformed cells are selected and grown. The selection may be effected on the basis of the 
expression of the above-mentioned desired gene. The dedifferentiated cells are desired to be in the fomri of call! having 
an ability to produce normal plants. The regeneration of plants from the transfomned cells may be effected by known 
methods (Luppotto, E. and Lusardi, H.C., 1988; Maydica XXXIII:163-177). In this way, plants acquired the desired 

40 character by the transformation, preferably transfomned plants acquired the desired character and having normal fertility 
can be regenerated. These steps are concretely illustrated in the following examples. 

[Examples] 

45 [0040] The present invention will be explained more concretely with reference to the following examples. It should 
be noted, however, that the present invention is not restricted to the examples. 

(1) Preparation of Sample Tissues 

so (i) Varieties of Maize 

[0041] Maize varieties of P3732, A188, H84, B37Ht, Mo17Ht, W117Ht, Oh43, H99, W64A Ht rhm, F1 (A188 x Black 
Mexican Sweet), F1 (A188 x B73Ht), F1 {B73Ht x A188), F1 (H84 x A188), F1 (Mo1 7Ht x A188) and F1 (C103x A188) 
were selected as samples. The variety of P3732 was obtained from IWATA RAKUNOU KYODOKUMIAI. All the inbreds 
55 and the variety of Black Mexican Sweet were obtained from National Institute of Agrobiological Resources, Ministry of 
Agriculture, Forestry & Fisheries. 
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(ii) Variety of Rice 

[0042] Rice variety of Tsukinohikari was selected as a sample. 

(iii) Preparation of Shoot Apex Tissue of Maize 

[0043] Seeds of IWIaize were immersed in 70 % ethanoi for one minute and then in 1 % sodium hypocWorrte for 5 
minutes and washed three times each with sterilized water. After the washing, these were placed on LS solid med urn 
rSr saftrnd LS minorsatts (Linsmaier E. and Skoog F. 1 965; Physiol. Plant. 1 8:1 00-1 27), 0.5 -9^- °' — 
add 0 5 mg/l of pyridoxine hydrochloride. 1 mg/l of thiamine hydrochloride, 100 mg/1 of myo-.nosrtol, 100 mg/« of 
casamino add. 700 mg/€ of proline. 20 g/€ of sucrose and 2.3 g/€ of Gelrite) and cultured at 25«C under .llumma lon^ 
Atter about 4 days, tissues with a length of about 0.1 mm x 0.3 mm containing the apex dividing tissues were cut out 
from the grown young seedlings and used as samples. 

(iv) Preparation of Immature Embryos of Maize 

[0044] On about 1 4 days after pollination, immature embryos with a length of from 1 to 2 mm were aseptically isolated 
from female spikes. 

(v) Preparation of Immature Embryos of Rice 

[0045] The Immature seeds were collected on 7 to 12 days after blooming and were sterilized by ''"■^^^^'^Sf 
70 % ethanoi for 30 seconds and then in 1 % sodium hypochlorite for 10 minutes after removing the glumes. The 
immature embryos were isolated from them and used as samples. 

(2) Tl Plasmid 

[0046] Hygromycin-resistant gene (HPT), phosphinothrioin (PPT)-resistant gene (bar) and GUS gene were inserted 
into the T-DNA region of Tl plasmid to obtain the following piasmids: 

(i) plG121Hm: 

[0047] A plasmid in which the GUS gene containing the first intron of the catalase gene of caster beans and a hy- 
gromycin-resistant gene were ligated (Nakamura et al.. 1991 ; Plant Biotechnology II (Nakamura et al.. Extra Issue of 
35 GENDAI KAGAKU. pp. 123-132), presented by Dr. Nakamura in Nagoya University). 

(ii) PTOK232: 

(a) Insertion of Intron GUS and Hygromycin-resistant Genes into Intermediate Vector pTOK229 

[00481 The C/al fragment (2.5 kb) containing the spectinomycin-resistant gene originated from Tn7 was treated with 
KleZ f r?gmJS to bLt its ends. The resulting fragment was inserted into the Sr„a. sKe of ^^^^^^^^^^^^^^^^ 
DTOK107 (5 2 kb) having ampidllin-resistant and spectinomydn-resistant genes. The thus-obtained pTOK107 was 
Seated wtth EcoRI and H^ndlll and the resulting 2.5 kb-fragment containing the «Pf ""^.y^'"-';^"'^^^"!^^^^^^ 

45 ligSrd to the EcoRI-H/ndlll fragment (2.7 kb) of pGA482 to obtain pTOK170 (5.2 kb) containing the spectinomycin- 
resistant aene and having H/ndlll and Hpal sites. ,. * ^ * 

00491 A vector plG22? in which the first Intron of the catalase of castor bean and GUS ^---^-^^l^^^^f^^}^^ 
35S promoter (Ohta et al.. 1990. presented by Dr Nakamura in Nagoya University) was digested with EcoRI and the 
fesultenrwi treated with Klenow fragment to blunt its ends. Into the resultant, a Hindlll linker (pCAAGCTTG; code 

50 4660? comr^eLlly available from tJkARA SHUZO) was inserted. A fragment containing 35S P-^o^er an^^^^^^^^^^^^ 
GUS was cut out by digesting the resulting vector with H/ndili. and the fragment was inserted into "'"J"' °* f 
plasmid pGL2 (J. Paszkowski. obtained from Friedrich Miescher Institute) containing a hygromycin-resistant gene hgat- 
edir35S promoter, to obtain pGL2-IG (7.6 kb). The above-mentioned plasmid pGL2 was obtained bV .nsertmg a 
hjgromyci n'-resistant gene (Gritz L. and Davis J., 1983; Gene 25:1 79-1 88) into pDH51 (Pietj^zak et 1986; N"cle^^ 

55 SsResearch14:5857-5868).ThefragmentobtainedbytreatingpTOK170withHpalwasligatedtoaPvullfragment 

(5.2 kb) of pGL2-IG to obtain pTOK229 (10.1 kb). 



30 
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(b) Insertion into Super Binary Vector pTOK1 62 

[0050] The insertion of the desired genes (hygromycin-resistant gene and intron GUS gene) into the super binary 
vector pTOK162 obtained by inserting v/VB, viiC and w/G genes originated from super-virulent Agrobacterium A281 
5 into a super binary vector was carried out by homologous recombination. That is, since the both vectors contain a 
region originated from an E. co// plasmid pBR322, in the bacterial cells selected by resistances to spectinomycin and 
kanamycin, only the plasmid generated by recombination of the both plasmids is contained. The plasmid comprising 
the super binary vector in which the hygromycin-resistant gene and the intron GUS are inserted is referred to as 
pTOK232 (see Fig. 1). 

10 [0051] In Fig. 1 and Fig. 2 mentioned below, "SP" means spectinomycin-resistant gene, "HPT" means hygromycin- 
resistant gene, "NPT" means Icanamycin- resistant gene, "TC" means tetracycline-resistant gene, "BAR" means phos- 
phinothricin-resistant gene, "IG" means intron GUS gene, "BR" means right border sequence of T-DNA, "BL" means 
left border sequence of T-DNA, "w/B", "w/B" and "virG" mean wr regions originated from super-virulent Agrobacterium 
A281 , "ORI" means the replication origin of C0IEI , "COS" means COS region of lambda-phage, "K" means restriction 

IS enzyme Kpn\ site, and "H" means restriction enzyme H/VkIIII site, (ili) pSB131 : 

(a) Construction of pSB131 

[0052] pTOK1 70 was digested with BamH I and Bgl\\ and then circularized to give pYS1 38. This pYS1 38 was digested 
with EcoRI and ^sp7181 and then treated with T4 DNA polymerase. Into this was inserted Sa^l liner (5'-GGTCGACC- 
3'), and the resultant was circularized to give pYS151 . This pYS151 was digested with Sa/1, and a Sa/I fragment (4.7 
kb) having T-DNA of pGA643 (An et al., Plant Molecular Biology Manual A3:1-19, Kluwer Academic, Dordrecht, 1988) 
was inserted into the cleaved site to give pTOK235. This pTOK235 was cleaved at its Sad I site, its ends were blunted 
with T4 DNA polymerase, a H/ndlll linker (5'-CAAGCTTG-3') was inserted thereinto, and the resulting was circularized. 
The thus-obtained plasmid was referred to as pTOK246. This pTOK246 was digested with HirKi\\\ and EcoRI to remove 
most part of the T-DNA therein, and a H/ndlll-EcoRt fragment (2.2 kb) having a gene that had been prepared by ligating 
a phosphinothricin acetyl-transferase gene (Japanese Patent Kohyo Koho Hei-1 -503434) to 35S promoter (bar gene 
having an ability to impart phosphinothricin resistant to plants) was inserted thereinto to obtain pSB25. Further, this 
pSB25 was digested with H/ndlll, and a H/ndlll fragment (3.1 kb) isolated from plG221 and having 36S promoter and 
intron GUS was inserted thereinto to construct pSB31 . That is, this pSB31 is an intemnediate vector having the intron 
GUS gene and the phosphinothricin-resistant gene (bar) both expressing in plants. 

(b) Construction of pNBI 

35 [0053] pVCKIOI (Knauf et al., Plasmid 8:45-54, 1 982) was digested with EcoRI, treated with T4 DNA polymerase 
and circularized whereby its EcoRI site was deleted. This was further digested with Bgi\\ and then circularized whereby 
its Bgl\\ site was deleted. The resulting plasmid was named pVCKIdQ. This pVCKIOIQ was digested with Ay/ndlll 
and Xho\ and ligated to pUC18 that had been digested with H/ndlll and Sa/I, to give pTOK150. This pTOKISO was 
digested with H/ndlH and treated with T4 DNA polymerase. An EcoRI linker (5'-CCGAATTCGG-3') was inserted into 

40 the cleaved site and the resultant was then circularized to give pTOK239 having EcoRI site in place of H/ndlll site. 
pGA482 was digested with Hpat, an Xho\ linker (5'-CCTCGAGG-3') linker was inserted thereinto, and the resultant 
was circularized to give pTOK236. This pTOK236 was digested with Xba\ and EcoRi to isolate a 2.6 kb-fragment. 
pTOK239 was digested with EcoRI and Xba\ to remove a 2.7 kb-fragment therefrom. The 2.7 kb Xtol-EcoRI fragment 
of pTOK236 was inserted into this and the resultant was circularized to give pNBI . This pNBI is a kind of an acceptor 

45 vector and contains neither T-DNA nor virulence region-originated DNAs. 

(c) Construction of pSBI 

[0054] pNBI was digested with Kpnl, and a 1 5.2 kb-Kjpnl fragment having w/B and wVG genes in the virulence region 
50 ~of pTiBo542 (American Type Culture Collection accession No. 37349) was inserted thereinto. The resultant was cir- 
cularized to give pSBI . This pSBI is an acceptor vector. When an intemnediate vector having T-DNA is inserted into 
this to give a hybrid vector, the resulting hybrid vector may be combined with a helper plasmid to construct a super 1 
binary vector. 

55 (d) Insertion of pSB31 into pSB1 

[0055] Like the case of pTOK232, pSB31 was inserted into pSBI by homologous recombination to construct pSB1 31 
(see Fig. 2). 
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(3) Host Agmbactertum 

roosBl strains LBA4404 and EHA1 01 from which T-DNA region was deleted were used as the host barteria^Strain 
SaSo4 hLTa help^pM (having a complete vir region), and is available from American Type Culture 

C^tlZ ^TCoT^^^ EHA1 o/ has a helper plasmid having the vir region originated from a super-v.ruient 
Aarobacterium A26^ and is available from Hood E.E. et al.. 1986 (mentioned above). 

^e var^^^^^^^^ vectors described in (2) were introduced into these two strains of Agrobactenum and the 
E de^cribrbelTwere used for introducing the genes. The plasmids were introduced into the Agrobactenum 
strains by triple cross (Dttta G. et al.. 1980; Proc. Natl. Acad. Sci. USA. 77:7347-7351). 



LBA4404(pTOK232) 
LBA4404 (pSB131) 
EHA101(plG121Hm) 



(4) Preparation of Suspension of Cells of Agmbactertum 

[00581 Colonies obtained by culturing the Agrobactenum strains on AB medium (Driica K.A. and Kado C_L 1974; 
Pro7Natl Acad Sci USA. 71 :3677-3681 ) for 3 to 1 0 days were collected with a platinum loop and suspended in LS 
::d^mtSrsu^enslon(compr.sing 

hydrochloride. 1 mg/l of thiamine hydrochloride. 100 mg/1 of myo-inositol, 1.5 mg/< of 2.4-D, 1 °^ 
Cm of acetosyrfngone, 0.2 M of sucrose and 0.2 M of glucose) for inoculation '"^f ^'^^^ 
medium (comprising AA major inorganic salts, AA amino acids a"d AA >.tam.ns (Torvama «nd « K 1985 
Plant Sc 41 179-183). MS minor salts (Murashige T and Skoog F.. 1962; Physiol. Plant 15.473-497). 10 9'^ 
ciamino ac d 1 00 of acetosyringone. 0.2 M of sucrose and 0.2 M of glucose) for inoculation into nee P'ants^ The 
crpZlSof each medium was adjusted to be from 3 x 10« to 5 x 10« cells/ml. The suspensions were used for 
inoculation of plants. 

(5) Conditions for Inoculation and Culture 

r00591 The sample tissues were washed with sterilized water and immersed in the above-described suspensions of 
SroLterfum stralns for 3 to 1 0 minutes, after the shoot apex samples had been pierced with a glass needle (home _ 
ml??w™e immature embryos were as they were. Afterthe immersion, the shoot apex samples were transptented 
rmodTfS^d rs rerm (comprising LS major salts. LS minor salts. 0.5 mg/ml of nicotinic acid, 0.5 mg^ of pyndox ne 
SCdToch orSje W^Tf thiamine hydrochloride, 100 mg/i of myo-inositol, 0.1 mg/€ of kinetin. 1 .0 mg/< of casamino 
S and 2 3 g/€ o7gS containing 100 ^.M of acetosyringone, 20 g/l of sucrose and 10 g/l of glucose end culUired 
ttSfeon at 250C under illumination for 2 to 3 days. Aften^ards, these were washed with stenlized ^^^^^^^^^ 
mg/€ of cefotaxime and then continued to be cultured on the LS medium having the same '^^n^^^^^^''"""* 
StheTrnmersion the immature embryos of maize were transplanted to LSD1 .5 medium (compnsing LSmajo salts. 
fSrTaTtro 5 m^^^^^^ nicotinic add. 0.5 mg/ml of pyridoxine hydrochloride. 1 mg/ml of thiamine hyd-c o„de 
1 0oTXl of myo-inositol. 1 .5 ml/€ of 2,4-D. 700 mg/€ of proline. 500 mg/€ of MES and 8 g/e of agar containing 100 
uM oTfce osyringone. 20 g/€ of sucrose and 1 0 g/€ of glucose, and cultured at 25'C in the darkfor 1 to 5 deys. Then, 
wfthorbernq wasSed (this is because if washed, the regeneration rate of transf omied plants becomes low), thethus- 
TnS iZaTu'^^^^^^^ were continued to be cultured on LSD1 .5 cailus-growing medium (having the same com 
posmon a^The above-mentioned LSD1 .5 medium, except that it does not contain glucose and e'^etosynngone) co^ 
ta^n no 250 ma/< of cefotaxime. On the other hand, the immersed Immature embryos of nee were transplanted on 2N6 
soZediumfcomprSin^^^^ salts and vrtamins (Chu C.C. , 1978; Proc. Symp. Plant Tissue Culture. Sconce 

PrSss PeZ pp ^3-50), 1 g/e of casamino acid, 2 mg/€ of 2,4-D and 2 g/€ of Gelrite) '^"♦e'"'"9 ^''^f ^-^^ ^°r«; 
tr^ons SetSsyrlngone, sucrose and glucose as mentioned above, and cultured at 25«C in the dari< for 2 to 5 days^ 
/^^rra^Sh' Sec^ed immature emb^ros were washed with sterilized water containing 250 mg/€ of cefotaxime 
aJdTuttured on 2N6 solid medium having the same concentration of cefotaxime for 3 days to one week. 

(6) Method for Examining GUS Activity 

[00601 Immediately after the above-mentioned culture in the presence of Agrobactenum strains, the tieeues were 
mr^Lrn 0 1 M Dhosohate buffer (pH 6.8) containing 0.1 % Triton X-100 at 37"C for one hour After washing off 
'r:Z ctei:^s::T:^ r Jbuffe. pho%hate buffer containing 1 .0 -^^^^"^^^^^^^^^^^^ 
R D alucuronic acid (X-gluc) and 20 % methanol was added to the tissues. After incubation at 37°C for 24 hours, the 
Sumber rb^eiolo;^^^^^^^^ were counted under a microscope and the percentages thereof based on the number 
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of the samples tested are described. In the judgment of the GUS activities of the hygronnycin-resistant calli and phos- 
phinothricine-resistant calli which are thought to be transformed cells after selection, as well as in the judgement of 
the GUS activities of the transfomried plants, parts of the resistant calli or plants were cut out from them and subjected 
to the same GUS staining. 

5 

(7) Selection of Transformed Cells and Regeneration of Plants 

[0061] The Agrobacterium-mfected Immature embryos of maize were cultured on LSD1 .5 callus-growing medium 
containing 250 mg/€ of cefotaxime and from 0 to 100 mg/€ of hygromycin or from 0 to 20 mg/€ of PPT, for about 8 
10 weeks to select resistant calli. These resistant call! were placed on LSZ medium (having the same composition as the 
LSD1 .5 callus-growing medium, except that it does not contain 2,4-D but contains 50 mg/€ of zeatin) and cultured at 
25''C under illumination, thereby regenerating the calli. 

[0062] The immature embryos of rice were cultured on 2N6 solid medium containing 250 mg/€ of cefotaxime and 50 
mg/€ of hygromycin for 3 to 4 weel<s, and resistant calli were selected. Further, the resistant calli were cultured in N6-7 
15 medium (comprising N6 inorganic salts, N6 vitamins, 2 g/€ of casamino acid, 1 mg/€ of 2,4-D, 0.5 mg/€ of 6BA, 30 g/ 
€ of sorbitol, 20 g/€ of sucrose and 2 g/€ of Gelrite) containing 100 mg/€ of hygromycin for 2 to 3 weeks, and then 
transplanted on N6S3 medium for regeneration of plants (comprising 1/2 concentrations of N6 major inorganic salts, 
N6 minor inorganic salts, N6 vitamins, 1 g/€ of casamino acid, 0.2 mg/€ of NAA, 1 mg/€ of kinetin and 3 g/€ of Gelrite) 
containing 50 mg/€ of hygromycin. All the media used contained 250 mg/€ of cefotaxime. 

20 

(8) Expression of Introduced Genes in Second-generation of Maize Transformants 

[0063] The first-generation transformed plants obtained by inoculation of LBA4404(pSB131) and selection by PPT 
were self-fertilized to obtain second-generation seeds. The seeds were sown and pieces of leaves were collected from 

25 young seedlings about 2 weeks after the sowing. The expression of the GUS gene was examined. In addition, to a 
part of the leaves of these young seedlings, 500-fold diluted Basta (a herbicide containing PPT as a major ingredient, 
commercially available from HOECHST) was applied and resistance to PPT was checked 2 weeks after the Basta- 
application. In addition, first-generation transformed plants were crossed with non-transformants (variety: A188) and 
immature embryos were collected about 2 weeks after the crossing, and the collected immature embryos were placed 

30 on LSD1 .5 medium for callus induction containing 1 0 mg/l of PPT. The immature embryos were cultured at 25^*0 for 3 
weeks In the dark and the resistance to PPT was evaluated based on whether calli were formed or not by the culture. 
The transformed plants obtained by inoculation with LBA4404 (pTOK233) and selection by hygromycin were also 
crossed with non-transformants (variety: A188) and the expression of GUS gene in young seedlings of the second- 
generation plants were examined. 

35 

(9) Analysis of Introduced Genes by Southern Blot Method 

[0064] From the young seedlings of the first-generation transformants of maize that had been obtained by PPT 
selection after infected with the strain LBA4404(pSB131) and from the second-generation of plants, DNAs were ex- 

40 tracted by the method of Komarietal. (Komarletal., 1989; Theor. Appl. Genet. 77:547-552). The thus-extracted DNAs 
were digested with a restriction enzyme BamHl. The resulting fragments were subjected to detection of the introduced 
genes by Southern blot analysis using the GUS gene and the bar gene as the probes. The length of the DNA region 
from the BamH\ site in the T-DNA region to the terminal of the L border sequence was about 2.3 kb for the GUS gene 
and about 2.7 kb for the bar gene (see Fig. 2). The Southern blot analysis was carried out in accordance with the 

45 description In Molecular Cloning (Sambrook et al., 1989; Cold Spring Harbor Laboratory Press). 

(10) Introduction of Gene Into Shoot Apex Tissues of Maize 

[0065] In order to confirm that the transformation employing the growth point tissues (shoot apex tissues) reported 
50 by Gould et al. (Gould J. et al., 1 991 ; Plant Physiol. 95:426-434) can be attained, isolated shoot apex tissues of maize 
were treated with the above-described Agrobacterium strain EHA101(plG121Hm), and the GUS activity of the grown 
plants was determined. While expression of the GUS gene was not observed In the tissues not treated with the Agro- 
bacterium strain, the expression of the GUS gene was observed in the spots pierced with the needle In the tissues 
treated with the Agrobacterium strain. The plants obtained by culturing the tissues were tested for their GUS activity. 
55 However, no plants exhibited the GUS activity. The vicinity of the growth point is a very fine tissue, so that it is not easy 
to pierce the needle into the very fine tissue to infect the tissue with Agrobacterium. The results of this experiment 
show that the transfomiation by infecting the vicinity of the growth point with Agrobacterium requires high skill in cutting 
out and piercing the growth point, etc. 
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Table 1 



Introduction of Gene into Maize Shoot Apex Tissues 


Number of Sample Tissues 


Number of Plants Grown 


Number of Plants Obtained 


Number of GUS-f Plants 


24 


9 


2 


0 


26 


8 


6 


0 


17 


13 


5 


0 


14 


1 


0 


0 


45 


14 


7 


0 


32 


14 


8 


0 


30 


7 


1 


0 


Sample variety was P3732 in alt experiments. 



(11) Inoculation into Immature Embryos of Maize 



[0066] Immature embryos of various varieties of maize were treated with the Agrobacterium strain. The GUS gene 
was expressed at a high ratio in all the varieties of maize tested. The size of the GUS gene-expressed site in each 
sample tested was such that it was clearly observed visually. Thus, the GUS gene was expressed in wide range of 
cells. No difference was observed in the gene expression rate between the strains LBA4404(pTOK232) and LBA4404 
(pSB131). From the results, it is judged that immature embryos of maize are suitable as the materials to be infected 
and transformed with Agrobacterium at high efficiencies. 



Table 2 



Efficiency in Introduction of GUS Gene into Maize Immature Embryos 


Variety 


Strain 


Number of GUS+ Tissues/Number of Sample Tissues 


A188 


1 


32/32(100) 


A188xB73Ht 


1 


32/32(100) 


B73HtxA188 


1 


76/77(99) 


BMSXA188 


1 


63/63(100) 


A188 


2 


65/66(98) 


H84 


2 


26/30(84) 


B37Ht 


2 


20/20(100) 


Mol7Ht 


2 


24/25(96) 


W117Ht 


2 


15/15(100) 


0h43 


2 


17/20(85) 


H99 


2 


25/26(100) 


W64A Ht rhm 


2 


10/10(100) 


A188xB73Ht 


2 


34/34(100) 


B73HtxA188 


2 


49/49(100) 


BMSXA188 


2 


59/59(100) 


A188 


3 


15/16(94) 


H84xA188 


3 


20/20(100) 


Mo17Htx A188 


3 


8/1 0(80) 


C103XA188 


3 


11/11(100) 


BMS:Black Mexican Sweet 


Strain 1 :EHA101(plG121Hm), 2:LBA4404(pTOK232), 3:LBA4404(pSB131) 



(12) Inoculation Into Pre-cultured Immature Embryos of Maize (Comparative Example) 

[0067] Chan et al. employed immature embryos of rice plants, that had been pre-cultured (dedifferentiation treatment) 
on NgRD medium (comprising Ng inorganic salts, Ng vitamins, 30 g/€ sucrose, 2 mg/€2,4-D, 8 g/€ agarose) for 2 days, 
as the materials to be transformed with Agrobacterium (Chan M.T et al., 1993; Plant Mol. Biol. 22:491-506). In order 
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10 



to reconfirm as to whether or not the Chan et al.'s nnethod is effective also in the case employing immature embryos 
of maize plants, immature embryos of maize (variety: A1 88) that had been pre-cultured on LSD1 .5 medium for callus 
induction for 2 days were tried to be transformed with Agrobacterium. The inoculation and the culture In the presence 
of Agrobacterium were carried out in the same manner as mentioned above. The Agrobacterium strain used was 
LAB4404(pSB131). As control, immature embryos of the same maize variety were subjected to the same test imme- 
diately after collected. On 3 days after the co-cultivation with Agrobacterium, the immature embryos of the both test 
groups were subjected to GUS staining. As a result, almost all the immature embryos tested immediately after collected 
were stained whereas none of the immature embryos tested after the pre-culture was stained (see Table 3). These 
results clearly indicate that transfomiation of maize is not attained if pre-cuttured immature embryos of maize are 
employed. 



IS 



Table 3 



Introduction Efficiency of GUS Gene into Pre-cultured Immature Embryos of Maize 


Immature Embryos 


Number of Sample Tissues 


Number of GUS+ Tissues 


Pre-cultured for Two Days 
Immediately After Collection 


21 
20 


0 
19 



20 



25 



30 



35 



40 



45 



(13) Identification of Transfomned Maize Cells 

[0068] Calli that had been selected on a medium containing 30 mg/€ or 50 mg/€ of hygromycin and had been verified 
that they had hygromycin resistance on a medium containing 75 mg/€ of hygromycin were subjected to GUS staining 
with the result that the all calli expressed GUS gene. The DNA that had been extracted from these calli according to 
the method of Komari et al. (Komari et al., 1 989; Theor. Appl. Genet. 77:547-552) was used as a template to carry out 
polymerase chain reaction (PCR) using primers capable of amplifying the GUS gene (5'-ATGTTACGTCCTGTAGAAAC- 
3', 5'-ATGGTGCGCCAGGAGAGTTG-3'). The reaction was carried out, using 1 ^il of the DNA solution, a mixture of 
the two primers of 5 pM each, 200 p.M each of dATP, dCTP, dGTP and dTTP, a PCR buffer (commercially available 
from TAKARA SHUZO) and 2.5 U of Amplitaq DNA polymerase (commercially available from TAKARA SHUZO), the 
total volume of the mixture being 1 00 pil. Thirty cycles of the reaction was repeated, according to the following temper- 
ature profile for one cycle: That is, the temperature profile for one cycle of the reaction comprised SA'^C for one minute, 
55''C for 2 minutes and then 72°C for 3 minutes, all in a DNATHERMOCYCLER (commercially available from PARKIN 
ELMER CETUS CORP.) The PCR product was separated by electrophoresis on 0.7 % agarose gel. When the DNA 
extracted from calli not infected with the Agrobacterium yNas used as the template, no amplified fragment of DNA was 
detected; whereas, when the DNA extracted from LBA4404(pTOK232) or the DNA extracted from the calli having the 
hygromycin resistance was used as the template, an amplified fragment of 1 .8 kbp stained with ethidium bromide was 
detected by the electrophoresis. In addition, PCR was carried out employing primers capable of amplifying the 795 bp- 
region having the VifG initiation codon of the Agrobacterium (5'-GACGTTTATGAAGTAGGCGAGA-3', 
5'-TAAAAACGCGAGGAGAAGATTG-3'). When LBA4404(pTOK232) was used as the template, an amplified fragment 
of 0.8 kbp was detected; whereas, when the DNA extracted from the resistant calli and the DNA extracted from calli 
not infected with the Agrobacterium were used as the templates, no amplified fragment was detected. From these 
results, it was considered that the expression of the GUS gene in all the calli having the hygromycin resistance did not 
result from the Agrobacterium adhered to the calli but resulted from the introduced GUS gene and that the compact 
and nodal calli that had grown in the media having stepwise-increased concentrations of hygromycin were transform- 
ants. 

(14) Selection of Transformed Maize Plants 



50 



55 



[0069] After co-cultivation with the Agrobacterium, hygromycin -resistant or PPT-resistant calli were selected on me- 
dia containing from 30 to 100 mg/€ of hygromycin or from 5 to 20 mg/€ of PPT. In the fomrier hygromycin selection, 
hygromycin-resistant calli were obtained from 11 to 27 % of the immature embryos; while in the latter PPT selection, 
PPT-resistant calli were obtained from 35 to 64 % of the Immature embryos (see Tables 4 and 6). These calli were 
placed on regeneration medium containing hygromycin or PPT, whereupon plants regenerated at a high frequency. 
The leaves of the regenerated plants were stained by GUS staining, resulting in expression of the GUS gene in many 
of the plants (see Tables 5 and 6). These data showed that these plants were transformed plants. The frequency of 
giving the transformed plants was especially high in the selection with PPT and there was little difference between the 
experiments, always giving independent transformed plants from 10 % or more of the tested immature embryos (see 
Table 6). The results suggest that the method employed in these experiments is a stable transforming method capable 
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of producing transformants at high frequency. Next, PPT-resistant calli that had been cultured and selected under the 
same conditions all the way from the inoculation to the propagation of calli were placed on a regeneration medium 
containing a high concentration (20 mg/€) of PPT and a regeneration medium not containing Pf^ so as to check the 
GUS expression. In the plants regenerated on the medium containing PPT, the number of chimeric plants and escapes 
(GUS-) was small. This verifies the selection effect attained by the addition of PPT during the regeneration (see Table 7). 



Table 4 



Transfonmation Efficiency of Maize Immature Embryos by Hygromycin Selection 


Experiment 


Process of Hygromycin Selection (mg/l) 


Number of Hygromycin-resistant Calli/Number of 






Sample Immature Embryos (%) 


1 


0-30- 50 


5/22(23) 


2 


0-30- 50 


6/22(27) 


3 


0-30-100 


2/19(11) 



[0070] For the hygromycin selection, the calli were co-cultured with the Agroba cterium and then further cultured in 
the presence of hygromycin having the indicated concentrations each for 2 to 3 weeks. 



Table 5 



Selection Efficiency of Transformants in Hygromycin Selection 


Experiment 


Number of Hygromycin resistant Calli 


Number of Regenerated calli 


Number of GUS+ Plants 


1 


64 


11 


5 


2 


15 


8 


7 


3 


20 


3 


2 
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Table 7 



Influence of PPT Added to Regeneration Medium on Frequency of Regeneration and Transformation 



Added PPT 



Number of Sample 
Calli 



335(47) 
184(53) 

Concentration of Added PPT + : 20 mg/l. - : 0 mg/l 



714 
350 



Number of 
Regenerated Calli 



Frequency of GUS-stained Plants in Regenerated Plants 



GUS+ 



74 
40 



Chimera 



17 

33 



GUS- 



9 
27 



(15) Southern Blot Analysis of Introduced Genes in First-generation Transtormants of Maize 

[0071] Total DNA extracted from the transfomiant was digested with BamHl to obtain DMA ^^^9";^ "^s J^^^^^^ 
Kents were subjected to Southem blot analysis, using bar gene or GUS gene as a probe so as to detect the 
ntrodSd in the first-generation transf ormants. As a result, the existence of the introduced gene was obsen/ed 
in L^the^^^^^^^^^^ When either one of the genes was used as the P-b- Nu-^er 

qenes were one or several. The eamHI fragment having bar gene in plasm.d pSB131 had 2.7 kb and the Bar^i 
frrqmerLiJg GUS gene in plasmid pSB131 had 2.3 kb. while all the tested transfomiants each showed a band 
hX abo"^^ or more. These resurts' support introduction of bar gene and GUS gene into the plant chromos^^^^^^^^ 
Further, the lengths of the detected DNA fragments varied depending on the.r ongms. Th'^^'^^^^^^^^^ ^J^^^^^ 
were inserted in different regions in the maize chromosomes. Therefore. It was conf.mned that the detected DNA frag 
ments were not originated from the bacteria remained in the plants. 



Table 8 



Mnmh^r of Cooies of Introduced Genes in First-generation of Transtormants Determined by Southem Blot Analysis 


Transfomnant (first-generation) 


Number of Copies of Introduced Genes 




bar 


GUS 


Control 






Transformant 1 


2 


2 


2a 


2 




2b 


2 




3 


2 




4a 


2 




4b 


2 




5 


2 




6 


3 




7 


2 




8 


2 




9a 


1 




9b 


1 




10 


1 





(16) Expression of Introduced Gene in Second-generation of pTOK233-introduced IWIaize Transformants 
[0072] Leavesofsecond-generationplantsobtainedbycrossingtiietransformantsobtainedbyhygromycin-^^^^^^^ 
Sti; non-transformants were GUS-stained. The ratio of GUS-positive plants to GUS-negat.ve piants was about 1 .1 as 
expected (Table 9). 
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Table 9 



Expression of Introduced Genes in Second-generation of Maize Transformants Obtained by Hygromycin-Selectlon 


Transfomnant 


Number of Second-generation Plants 


Expression of GUS 




Positive 


Negative 


Control 




0 


5 


Transformant 


11 


4 


5 




12 


5 


6 



(17) Expression of Introduced Genes in Second-generation of pSBI 31 -introduced Maize Plants 



[0073] Leaves of no n -transformed plants were GUS-stained and all of them were negative, while all of the leaves of 
the second-generation transformants obtained by self-fertilizing the transformants were GUS-positive except for one 
transformant. Further, Basta was applied to the leaves. As a result, all of the leaves of non-transformed plants died in 
about 2 weeks while the leaves of the transformants were healthy except for the GUS-negative plant (Table 1 0). Both 
the expression of GUS gene and the resistance to PPT exhibited genetic segregation in accordance with two-factor 
segregation. Furthermore, immature embryos collected from the non-transformed plants were cultured on a PPT-con- 
taining medium. As a result, the growth of the embryos was inhibited and no calli were induced. In contrast, with the 
immature embryos of both lines collected from the Rq plants obtained by crossing the transformants and non-trans- 
formants, calli were induced from about 50% of the Immature embryos placed and the calli welt grew on the same 
medium (Table 11 ). The grown calli were GUS-stained. As a result, In all calli, the whole calli were stained in blue. 
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Table 11 




Expression of Introduced Genes in Second-generation of ly^aizeTransfomiants Obtained by PPT-Selection (Tested. 


on Immature- Embryos) . 






Transformant 


Number of Second-generation Immature Embryos 




Resistance to PPT 




Resistant 


Sensitive 


Control 


0 


76 


Transformant 31 


29 


32 


Transformant 32 


22 


25 



10 



15 



20 



25 



30 



35 



40 



45 



(18) Southem blot Analysis of Introduced Genes in Second Generation of pSBI 31 -introduced Maize 

[0074] DNAs were extracted from the second-generation plants obtained by self-fertilizing the transformant No. 21 
shown in Table 10, and detection of the introduced genes were tried by the Southern blot analysis in the same manner 
as mentioned above. In all of the plants except for the plant which was GUS-negative and PPT sensitive, the introduced 
genes were detected when either of the genes was used as a probe (Table 1 2). The numbers of the copies of bar gene 
and GUS gene In the plants In which the existence of the introduced genes was confirmed were identical and the length 
of each band was identical to that detected in the first- gene rati on plant. From these results, It was confimned that the 
genes introduced into maize by utilizing Agrobacterium according to the method of the present invention are introduced 
into the nuclei of the plants and stably inherited to the next generation according to Mendel's laws. 

Table 12 



Number of Copies of Introduced Genes in Second-generation of Transformants Determined by Southern Blot 
Analysis 


Transformant (second-generation) 


Number of Copies of Introduced Genes 


bar 


GUS 


Control 






21-1 


1 


1 


-2 


2 


2 


-3 


1 


1 


-4 


1 


1 


-5 


0 


0 


-6 


1 


1 


-7 


1 


1 


-8 


2 


2 


-9 


1 


1 


-10 


2 


2 


-11 


1 


1 



(19) Inoculation of Rice Immature Embryos with Agrobacterium 



50 



[0075] High-rate expression of GUS gene was observed also In the rice Immature embryos into which the GUS gene 
had been introduced, like in the maize immature embryos having the GUS gene. Especially, the expression of the GUS 
gene was observed at a high efficiency when the strain LBA4404(pSB131) having the super binary vector was used 
(see Table 13). 



55 



Table 13 



Efficiency of Introduction of GUS Gene into Rice Immature Embryos 


Strain 


Number of GUS+ Tissues/Number of Treated Tissues (%) 


Non-treatment 


0/50 (0) 



19 



EP 0 672 752 B1 



Table 13 (continued) 



Efficiency of Introduction of GUS Gene into Rice Immature Embryos 


Strain 


Number of GUS+ Tissues/Number of Treated Tissues (%) 


EHA101(plG121Hm) 
LBA4404(pTOK232) 


66/198 (33) 
52/ 52 (100) 



The binary vectors used in this experiment did not cause expression of the GUS gene in the cells of the Agrobacterium. 
Based on the GUS gene in the rice immature embryos that had been co-cultured with the Agrobacterium as the index, 
it has been verified that the Agrobacterium cells are useful for inserting the gene into cells of maize and rice. 

(20) Selection of Transformed Rice Plants 

[0076] Rice immature embryos infected with the Agrobacterium v/ere subjected to selection of hygromycin-resistant 
calli in a medium containing 50 mg/€ of hygromycin. As a result, the resistant calli were obtained at a high rate when 
the strain having a super binary vector was used (see Table 14). The thus-selected calli produced regenerated plants 
with ease after transfen-ed on a plant-regenerating medium containing the selection marker (see Table 14). The leaves 
of the regenerated plants were examined with respect to the GUS expression therein, with the result that the GUS 
gene was expressed in all the regenerated plants. These data showed that the regenerated plants were transfonned 
plants. The Agrobacterium strain EHA1 01 (pIGI 21 Hm) has a virulence region of super-virulent pTiBo542 but does not 
have a super binary vector. The strains employed by Chan et al. were those of the same kind. Therefore, like the results 
of this example, they obtained extremely low transformation efficiency (Chan IVl.T et al., 1993; Plant Mol. Biol., 22: 
491-506). The present example has clarified that the use of the strains having a super binary vector results in the 
production of the transfomied plants from the rice immature embryos at drastically high efficiency. 
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(21) Identification of Gene Introduced into Rice Transformed Plants 

[00771 TO investigate the presence of the introduced gene, three random and independent transforrned P'^nts ob- 

S by treating L immature embryos with the strain LBA4404(pTOK232) were subjected to polymerase chain 

reaction (PGR) The both ends of their structural regions were used as the primers for the GUS gene and the HPT 

qene The DNA of the non-transfom,ant and a plasmid DNA having each of GUS and HPT genes were used as a 

conrro^/i a resurt. the three transfom^ants obtained by the treatment with LBA4404(pTOK232) S-ve^an amp^f.ed 

raamenr^f 1 1 kb if the HPT gene, like those from the control plasmid. All the transfomnants having the GUS gene 

a so gave In amplified fragment of 1 .8 kb. like those from the control plasmid. However. -""^--J^J-^ .^^^^^^ 
give these fragments. These results verified that all the sampleplants tested in this expenment are transfomtied plants 

having the gene introduced by the Agrobacterium. 
Industrial Availability 

r00781 AS mentioned above, the method of the present invention is a method fortransfomiing monocotyledons, with 
Sthelme period required from transfom,ation to regeneration of plants is short, which can be generally applied 
To" he p^nts that have no method of regeneration of plants from protoplasts, which does not need a spec.«l eq^^^^^ 
and in which the preparation of the material to be used is easy. Therefore, the present invention may be applied to 
breeding of monocotyledonous plants having desired characters. 

Claims 

1 . A method for transfomiing monocotyledons comprising transforming scutellum of an 
cotyledonwithabacteriumbelongingtogenusAsroftacterii/mcontainingadesiredgene.whIchlmmatureembryo 

has not been subjected to a dedifferentiation treatment, to obtain a transfomnant. 

2. The method according to claim 1 . wherein said monocotyledon Is a plant belonging to the family Gramineae. 

3. The method according to claim 2. wherein said plant belonging to the family Gramineae is maize. 

4. The method according to claim 2. wherein said plant belonging to the family Gramineae is rice. 

5 The method according to claim 1 . wherein said immature embryo is subjected to transfonmation without pretreat- 
ment in which said immature embryo is treated with an enzyme or is injured. 

6 The method according to claim 1 , wherein said monocotyledon is maize and said immature embryo is subjected 
to triSoSnatlon wfthout pretreatment in which said Immature embryo is treated wrth an enzyme or is injured. 

7 The method according to any one of claims 1 to 6. wherein the scutellum of said immature embryo is after having 
leen tSnsf ored. dediffereLted and the transtomied cells are selected and grown while they are in dedrfferen- 
tiated state. 

8 The method according to claim 7. wherein transf ormants with normal fertility are regenerated from the transf omned 
cells that have been selected and grown while they are in dedifferentiated state. 

9 The method according to any one of claims 1 to 8, wherein said bacterium is one belonging to genus Agrobactenum 
cont^lg Ti plasmid or Ri plasmid and having a plasmid containing a DNAfragmentonginated from the virulence 
region of a Ti plasmid pTiBo542 of Agrobacterium tumefaciens. 

10. The method according to any one of claims 1 to 9. wherein said bacterium belonging to genus Agrobacterium is 
Agrobacterium tumefaciens. 

11. The method according to any one of claims 1 to 10. wherein said bacterium belonging to genus Agrobacterium 
used for the transformation has a cell population of 10^ to lO^^ cells/ml. 

12. The method according to any one of claims 1 to 11 , wherein said immature embryo is one in the stage of not less 
than 2 days after pollination. 
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13. The method according to any one of claims 1 to 1 2, wherein the scutelium of said immature embryo is one capable 
of inducing a callus having an ability to regenerate a nomrial plant. 

14. The method accordingto claim 7 or 8, wherein the cultured tissuethat has been dedifferentiated from said immature 
5 embryo for selection, growing and dedlfferentiatlon is a callus originated from scutelium of an Immature embryo. 

15. The method according to claim 1 , wherein said immature embryo is one from an inbred, F1 between inbreds, F1 
between an inbred and a naturally-pollinated variety, or commercial F1 varieties. 

10 

PatentansprCiche 

1. Verfahren zum Transfomnreren von l\^onocotyledonen, umfassend das Transformieren des Scutellums eines un- 
reifen Embryos eines Monocotyledonen mit einem Bakterium der Gattung Agrobacterium, welches ein gewunsch- 

is tes Gen enthalt, wobei der unreife Embryo keiner Dedifferenzierungsbehandlung unterzogen wurde, um eine 

Transformante zu erhalten. 

2. Verfahren nach Anspruch 1 , wobei die Monocotyledone eine Pflanze der Familie der Gramineae ist. 
20 3. Verfahren nach Anspruch 2, wobei die zur Familie der Gramineae gehorende Pflanze Mais ist. 

4. Verfahren nach Anspruch 2, wobei die zur Familie der Gramineae gehorende Pflanze Reis ist. 

5. Verfahren nach Anspruch 1 , wobei der unreife Embryo der Transformation ohne Vorbehandlung, in welcher der 
25 unreife Embryo mit einem Enzym behandelt oder verletzt wird, unterzogen wird. 

6. Verfahren nach Anspruch 1 , wobei die Monocotyledone Mais ist und der unreife Embryo einer Transformation 
ohne Vorbehandlung, in welcher der unreife Embryo mit einem Enzym behandelt oder verletzt wird, unterzogen 
wird. 

30 

7. Verfahren nach einem der Anspriiche 1 bis 6, wobei das Scutelium des unreifen Embryos nach der Transformation 
dedifferenziert wird und die transformierten Zellen ausgewahit werden und wachsen, wahrend sie im dedifferen- 
zierten Status sind. 

35 8. Verfahren nach Anspruch 7, wobei Transformanten mit nonnaler Fertilitat regeniert werden aus den transfomnierten 
Zellen, die ausgewahit wurden und wachsen, wahrend sie im undifferenzierten Zustand sind. 

9. Verfahren nach einem der Anspriiche 1 bis 8, wobei das Bakterium zur Gattung Agrobacterium gehort, welches 
ein Ti-Plasmid oder Ri-Plasmid enthalt und es ein Plasmid mit einem DNA- Fragment, welches aus der Virulenz- 

40 Region eines Ti-Plasmids pTiBo542 von Agrobacterium tumefaciens, aufweist.. 

10. Verfahren nach einem der vorangehenden Anspriiche 1 bis 9, wobei das zur Gattung Agrobakterium gehorende 
Bakterium Agrobacterium tumefaciens ist. 

45 11. Verfahren nach einem der Anspruche 1 bis 10, wobei das zur Gattung Agrobacterium gehorende und zur Trans- 
formation eingesetzte Bakterium eine Zellpopulatlon von 10^ bis lO^"" Zellen / ml besitzt. 

12. Verfahren nach einem der Anspriiche 1 bis 11 , wobei der unreife Embryo sich im Zustand von nicht weniger als 
zwel Tagen nach der Pollination betindet. 

50 

13. Verfahren nach einem der Anspriiche 1 bis 12, wobei das Scutelium des unreifen Embryos in der Lage ist, einen 
Callus mit der Fahigkeit zu induzieren, eine normale Pflanze zu regenieren. 

1 4. Verfahren nach Anspruch 7 oder 8, wobei das kultivierte Gewebe, welches aus dem unreifen Embryo zur Selektion, 
55 zum Wachsen und zur Dedifferenzierung dedifferenziert wurde, ein Callus ist, der aus dem Scutelium eines un- 
reifen Embryos stammt. 

15. Verfahren nach Anspruch 1 , wobei der unreife Embryo aus einer inzucht, aus der Ft zwischen Inzuchten, aus der 
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F1 zwischen einer Inzucht- und naturlich bestaubten Sorte. oder aus kommerziell erhaitltehen F1 -Sorten stammt. 
Revendications 

1 Une m6thode pour transtormer des monocotyledons oomprenant la transfom,ation de ^^^^^ 

2. La m^thode selon la revindication 1 , dans laquelie iedit monocotyledon est une plante appartenant . la famine 
Gramineae . 

3. La m6thode selon la revendication 2. dans laquelie ladlte plante appartenant ^ la familie Gramineae est du mals . 
4 La m6thode selon la revendlcation 2 . dans laquelie ladite plante appartenant ^ la familie Gramineae est le riz . 

enzyme ou est endommag6. 

7 La m6thode selon I' une quelconque des revendications 1^6. dans laquelie le scutellum dudit embryon. aprte 
a^oTrT^anll" estVd Jrencie et les cellules transfom,.es sont s.lectionn^es et m.ses en crcssance 
alors qu' elles sont dans un etat de-diff6renci6 . 

6tat de-differencie. 

pLenant de la r6gion virulente d'un plasmideT. p-nBo542 de Agrobactenum tumelaaens. 

10. La m^thode selon I'une quelconque des revendications 1.9. dans laquelie ladite bacterie appartenant au genre 
Agrobactenum est Agrobactenum tumetaciens. 

11. Lam.thodeselon..unequeU:onquedesrevendications1 .10 dansiaqu^^^^^^^^^^^^ 

Agrobactenum employee pour la transf omiation a une population de cellules de 1 0^ a 1 0 cellules ml . 

12 La m^thode selon I' une quelconque des revendications 1 . 11 . dans laquelie Iedit embryon immature est un 
embryon au stade de pas moins de 2 jours apres poitenisation . 

13 Lamethodeselonrunequelconquedesrevendicationsi a12 .danslaquellelescutellumduditembryonimmature 
■ est capable tf induire un cal ayant une capacit6 . r6g6nerer une plante nomnale . 

embryon Immature . 



F1 commerciales. 
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Fig- 1 
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